. (2017). Prioritization and aggregation of intuitionistic preference relations: A multiplicative-transitivity-based transformation from intuitionistic judgment data to priority weights. Group Decision and Negotiation, 26 (2) developed to obtain intuitionistic fuzzy weights from IPRs for both individual and group 34 decisions. In the context of multicriteria decision making (MCDM) with a hierarchical 35 structure, a linear program is established to obtain a unified criterion weight vector, 36 which is then used to aggregate local intuitionistic fuzzy weights into global priority 37 weights for final alternative ranking. Two numerical examples are furnished to show the 38 validity and applicability of the proposed models. 39
Introduction 43
As a popular tool for tackling decision situations involving multiple and often 44 conflicting criteria, the analytic hierarchy process (AHP) [21] has been widely applied in 45 different contexts such as choice, ranking, and forecasting [10] with existing approaches and an MCDM problem with a hierarchical structure, are 132 presented in Section 6 to demonstrate the validity and practicality of the proposed models. 133
The paper concludes with some remarks in Section 7. 134
Preliminaries 135
For an MCDM problem with a finite set of alternatives, let 12 { , ,..., } n X
x x x = be the 136 set of n alternatives. In eliciting his/her preference over alternatives, a DM often utilizes a 137 pairwise comparison technique, yielding a fuzzy preference relation () It has been found that, for a fuzzy preference relation () In the presence of uncertainty and vagueness in real-world decision situations, DMs 157 often experience hesitancy in offering their fuzzy preference judgments. To characterize 158 this hesitation, Atanassov [1] generalizes the classic fuzzy sets by introducing the notion 159 of intuitionistic fuzzy sets (IFSs), which furnishes a convenient vehicle to accommodate 160 the DMs' hesitation in their judgment. 161
Let Z be a fixed nonempty universe set, an IFS A in Z is an object given by 162 
The idea of the multiplicative consistency condition (3.1) can be graphically illustrated 216 in Figure 1 . 217 
It is worth noting that the multiplicative consistency conditions given by Xu 
and 241 
It follows from (3.3), (3.4) and (3.5) that 243
According to (2.7), if ( 
As per (3.6), it is certified that , 11
then we have the following results. 265 
Therefore, we have 1 11
. As per Definition 2.2, T is an IPR. 274
On the other hand, since 275
and 277 
then R is multiplicative consistent. 288
Goal programming models for generating intuitionistic fuzzy weights 289
Base on the aforesaid multiplicative transitivity, this section develops goal programs 290 for deriving intuitionistic fuzzy weights from individual and group IPRs. 
then R is multiplicative consistent. By Theorem 3.1, R is also weakly transitive. 298
However, in real-world decision situations, it is often a challenge for a DM to furnish a 299 consistent IPR, especially when a large number of alternatives are involved. In this case, 300 (4.1) and (4.2) will not hold. To handle these situations with inconsistent decision input, 301 13 (4.1) and (4.2) will have to be relaxed by allowing some deviations. Priority weights will 302 then be derived by minimizing the absolute deviation from a multiplicative consistent 303 IPR. Based on this idea, the following deviation variables are introduced: 304
The smaller the sum of the absolute deviations, the closer the R is to a multiplicative 307 consistent IPR. As 
where the first two lines represent the relaxed multiplicative consistent conditions from 312 ( , , , ) 
Aggregation of intuitionistic fuzzy weights 361
For an MCDM problem with a hierarchical structure, let 
...
From Table 1 , we understand that x is preferred to 2 x , and a degree of 2/3 to which 474 alternative 1 x is non-preferred to 2 x . The remaining elements in R can be interpreted in 475 a similar fashion. . If the 490 derived priority weight vector is the evaluation result for eliciting final ranking, it does 491 not matter whether it is normalized. However, if this priority weight vector will be used 492 as decision input for further aggregation such as the priority weights for alternatives 493 23 against criteria in the hierarchical decision structure in Section 5, it is important to 494 normalize the priority weights so that heterogeneous dimension problems can be avoided. 495 Xu [44] presents an error-analysis-based method to obtain interval priority weights 496 for both consistent and inconsistent IPRs. By employing Eqs. (13) and (15) The upper-level concern of this core enterprise is to generate a weighting scheme for 542 these five criteria. At the lower level, the selection committee is responsible for assessing 543 spare parts suppliers based on these criterion weights. The hierarchical structure of this 544 supply chain partner selection problem is shown in Fig. 2 . 545 546 Fig. 2 A hierarchical structure of a supply chain partner selection problem 547
Assume that an upper level committee consisting of four senior executives is set up 548 to generate a weighting scheme for the five criteria, and the executive weights are 0.4, 0.3, 549 0.2 and 0.1, respectively. Each executive is required to furnish his/her pairwise 550 comparisons for the five criteria as an IPR as shown in Table 3 . 
